ABSTRACT. Two series of larch progeny tests were established at three locations in Pennsylvania in the spring of 1984. The Penn Orchard series contained progenies of 24 "plus-tree" Japanese larch clones growing in a seed orchard in Pennsylvania, two production seedlots of Japanese larch, and two lots of Japanese x European larch hybrids. The Westvaco test contained 5 hybrid seedlots and 15 seedlots of Japanese larch originating from 9 seed orchards (including Penn "A" Orchard), 5 plantations, and one natural stand. After 7 yr, only one site was clearly ideal for Japanese larch, having produced both rapid growth (0.83 and 0.99 m/ yr) and high survival. Survival or growth was considerably lower at the other two sites, probably because of both seasonally excessive and deficient soil moisture. Hybrid lots were significantly shorter than others at the best site; they tended to survive significantly better than Japanese larch at the other two sites, but they did not necessarily grow taller. Progenies from seed orchards were not significantly faster growing than those from plantations or natural stands (Westvaco test); andprogenies from select trees in the Penn Orchard test were not significantly faster growing than production lots. Although genetic effects on 7 yr height were significant in most individualplantations, few seedlots could be statistically distinguished as superior or inferior in growth rate. Seedlot pedigree had much less influence on growth rate or survival than did choice of site. North. J. Appl. 
conditions. Unfortunately, provenance studies of this species have shown that seed source origin characteristics such as latitude, longitude, elevation, temperature, and precipitation are not clearly related to performance characteristics such as survival, growth rate, damaging agents, flower production, and stem quality (Park and Fowler 1983, Farnsworth et al.
1972, Genys 1972).
Since provenance performance appears to be unpredictable, the purpose of this study was to compare the performance of diverse samples of Japanese and hybrid larch seed sources from local and international stands, plantations, and seed orchards, with the objective of determining which are best suited for plantation use in Pennsylvania.
Materials and Methods

Progenies
Two larch progeny tests consisting of Japanese and hybrid larch seedlots were established adjacent to each other at three Pennsylvania sites in 1984. The "Penn Orchard" test consisted of 24 open-pollinated families (seedlots) from the Pennsylvania Bureau of Forestry's Penn "A" Japanese larch clonal seed orchard of plus-tree selections, two seedlots of putative Japanese x European hybrids, and two production seedlots of Japanese larch (Table 1 ). The 24 plus-tree genotypes of the clonal orchard were originally selected for superior height and diameter from within well-stocked plantings 20 to 60 yr old in Pennsylvania, New York, and Vermont; replicated scions from these trees were grafted into One of the putative hybrid seedlots was determined to be 65% hybrid and 35% Japanese and the other was 45% hybrid, 45% Japanese, and 10% European larch (indicating that some seed had been collected from European larch). Although trees from these seedlots were not all hybrids, as may be expected in mixed species open-pollinated seed orchards, to simplify terms they will be referred to as hybrid seedlots. The two production lots consisted of one collection from local Pennsylvania stands and another of Japanese origin purchased from a seed company. The "Westvaco" test consisted of 20 seedlots of Japanese and putative hybrid larch from diverse origins representing varying levels of tree improvement efforts. Nine seedlots represented collections from Japanese larch seed orchards in various locations around the world including one seedlot bulked from the same Penn "A" seed orchard families represented in the Penn Orchard test. Five seedlots were collected from Japanese larch plantations that were located in West Germany, Holland, and Japan. One seedlot represented a bulk collection from a natural stand in Japan. Five seedlots were putative hybrids from five different mixed Japanese and European larch seed orchards. Determining the proportion of true hybrids in these seedlots was done as described above. For two of the putative hybrid seedlots the seed was collected from only European larch trees. One of these two seedlots was determined to be 100% and the other 82% hybrids. Of the two seedlots collected from only Japanese trees, one was 58% hybrids and the other 33 % hybrids. The fifth seedlot had 67% hybrids, 11% Japanese, and 22% European larch. These five seedlots will be referred to as hybrid seedlots.
Planting 
Data Collection and Analyses
After 7 growing seasons in the field, survival, height (dm), and diameter (mm at 1.3 m above ground) were measured and statistically analyzed for each test at each site. Height and diameter data were subjected to analyses of variance among individual seedlots using plot means weighted by the number of surviving trees per plot. In addition, analyses of variance were performed among seedlot groups of hybrids, seed orchards, natural stands, and plantations to gain insight on comparative performance among groups representing varylng levels of genetic improvement effort. Fisher' s least significant difference (LSD) was used to test for significant differences among seedlots and among seedlot groups at the P = 0.05 level. Variance analyses were not conducted across all sites due to heterogeneity of error variances as established by Bartlett's test (Steel and Torrie 1980). Survival comparisons among seedlots and among seedlot groups were tested using CONTRAST, a computer program developed by Hines and Sauer (1989) based on a Chi-square-related procedure that is weighted by associated survival rate covariances as outlined by Sauer and Williams (1989). One block was omitted from the analyses of height and diameter data in the Westvaco test at the Black Moshannon site, because of unrepresentative patches of herbaceous competition and shadlng from the bordering stand. In the same test at Towanda, only 2 blocks were subjected to analyses of height and diameter data because of much greater mortality in the other 4 blocks. Though mortality was high in the Penn Nursery test at Towanda, all blocks were included in the variance analyses because mortality was evenly distributed among blocks, and 66% of all seedlot plots were represented by at least one surviving tree. Seedlot rankings and significance of effects for the diameter data were virtually identical to those for height and will not be discussed.
Results
Survival
Seven years after outplanting, survival was extremely variable among sites but consistent between tests at the sites, ranging from 96% and 88% at Black Moshannon, to 44% and 49% at Shade Gap, and 33% and 34% at Towanda for the Penn Orchard and Westvaco tests, respectively. At the best site, Black Moshannon, there were no significant differences in survival among seedlots or seedlot groups. However, on the two poorer sites, the hybrid seedlots had greater survival compared to Japanese seedlots ( (ns) = not significant at P = 0.05 (**) = significant at P = 0..001
Black Moshannon, the first 26 of the 28 seedlots could not be statistically distinguished. Both of the hybrid lots were ranked near the bottom, justifying further analyses by seedlot group (Penn Orchard, production, and hybrid). Analyses of variance performed on seedlot groups, by site, showed that group differences were only apparent at Black Moshannon. At Black Moshannon mean heights (m) were statistically similar at 7.0 and 6.8 for Penn Orchard and production groups, respectively, but the hybrid seedlot group was significantly shorter than both at 6.1 m (P < 0.05).
Westvaco Analyses of variance performed on seedlot groups (seed orchard, plantation, hybrid, and provenance), by site, revealed significant group effects present only at Black Moshannon where progeny of seed orchards were tallest (6.0 m); they were significantly taller (P < 0.05) than only the hybrids (5.4 m) (Table 3) .
Discussion
The relatively poor survival at Towanda and Shade Gap was most likely due to poor edaphic conditions, perhaps compounded by incomplete control of competing vegetation at these sites. Japanese larch is an upland species that will not tolerate poor drainage (Carter and Selin 1987, Aird and Stone 1955, McComb 1955) and grows best on well-or moderately well-drained soils. A soil-site relationship study in Pennsylvania by Parsonage (1989) found that texture, drainage, and depth of soil were the most important factors correlated to the growth of Japanese larch. In our study, high mortality at Towanda and Shade Gap appeared to be caused by both too much and too little water. Until 1988, 4 yr after outplanting, survival was 57% at Towanda and 77% at Shade Gap averaged over both experiments. Initial mortality at Towanda was evidently caused by the poorly drained and seasonally saturated soil at that site; mortality was highest in the wettest portions of the site. However, in June and July of 1988, a severe drought occurred across Pennsylvania with precipita- Table 3 . Mean height of seedlot groups, after 7 growing seasons, in the Westvaco test at Black Moshannon (means with the same letter are not significantly different).
Seedlot grouping
Height ( tion levels only about one-third of normal (Penn. Agric. Stat. Serv. 1988). During that growing season, survival was reduced by another 23% at the poorly drained (Towanda) site and even more so, 30%, at the well-drained (Shade Gap) site. The additional mortality was surprising since the plantations had been in the ground for over 4 yr and apparently were well established. We attribute the mortality to drought, because both soils are characterized by low available soil moisture in summer months (Towanda because of a fragipan). There was only 2% additional mortality at Black Moshannon during the same period. The hybrid has been shown to survive better than either parent species on dry sites (Reck 1977). In our study, the hybrid seedlots had a survival advantage under the extreme moisture conditions at Towanda and Shade Gap, but they did not have an advantage at Black Moshannon. For the Penn Orchard test at the poorly drained and seasonally wet Towanda site, the 32% survival advantage of the hybrids was in place by 1988 and did not change after the 1988 drought. At the other extreme, in the Westvaco test, at Shade Gap, there was only an 8% survival advantage for the hybrids by 1988, but it increased to 24% after the drought. The difference in performance of Penn Orchard vs. Westvaco hybrid lots at Towanda vs. Shade Gap remains unexplained. However, it should be pointed out that there were only two Penn Orchard hybrid lots, and these represented only differing collection years from the same orchard, while hybrids in the Westvaco test were of more diverse origins.
In the Penn Orchard test, seedlots differed significantly in growth only at Black Moshannon. In the Westvaco test, significant differences in height were found at all sites. However, in both tests these differences were primarily between Japanese and hybrid lots as categories and not among Japanese seedlots. Hybrids were significantly shorter than the Japanese seedlots. In other plantings, in more severe poorly, ranking 18th of 20 and 19% shorter than the best seedlot (5.3 vs. 6.5 m). Group analysis did show that seed orchard lots were tallest, on average, but they were not significantly taller than other Japanese larch groups (plantation or provenance collections). A definitive test of the efficacy of plus-tree selection should include progenies of unselected trees from the same stand as selected trees. However, in practice, seed from plustree selections is commonly sold as "selected seed" with the implication that it is indeed genetically superior to other commercial lots. Thus, a test of the practical value of "selected seed" is whether it is superior to alternative, unselected lots on a random sample of sites where it is likely to be used Plus-tree selection failed this test in our study.
Conclusions and Recommendations
Results emphasize the greater importance of site selection relative to seed source with Japanese larch. Soils should be well drained but not droughty. Black Moshannon met those criteria in this study, and trees of the Penn Orchard and Westvaco tests had excellent survival and growth, the former approaching 1 m/yr and resulting in canopy closure by the seventh year at the spacing we used. On poorly drained or seasonally droughty sites, hybrid seedlots exhibited better survival than Japanese larch seedlots, but we believe that planting these larch on such sites should be avoided.
Seedlots differed significantly at all three sites in the Westvaco test but only at Black Moshannon in the Penn Orchard test. However, even when seedlots differed significantly, we found that most Japanese larch seedlots, even though from widely different origins, could not be statistically distinguished from one another. Japanese larch openpollinated progenies from plus-trees in the Penn Orchard test were not significantly taller than control lots, nor were progenies from seed orchards (including Penn "A" Orchard) in the Westvaco test compared to progenies from plantations or natural stands. Therefore, there is no evidence from this study that plus-tree selection was effective in genetically improving the survival and growth of Japanese larch in Pennsylvania.
On good sites in Pennsylvania, Japanese larch outperformed Japanese-European hybrids but exhibited little vanability among seedlots in height and survival. Based on these results, seed source, though important, is much less so than choosing the proper site to achieve excellent survival and growth of Japanese larch in Pennsylvania.
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